Rapid scan, slow scan, potentiostatic and scratch techniques have been applied to determine the pitting potentials of Ni in 0.1, 1 and 7%NaCI solutions at 294, 323, 353 and 373K. The lowest and most accurate pitting potentials are given by the potentiostatic techniques. The corrosion potentials obtained from these various electrochemical techniques are compared with the values of the pitting potential determined by the long term immersion tests. It is shown that the corrosion potentials attained prior to the onset of pitting in immersion tests are close to the values determined by the potentiostatic method. A critical pitting temperature (CPT) and critical crevice temperature (CCT) diagrams have been constructed on the basis of the exposure tests. The CPT diagram shows that there is both an upper and lower temperature limit for pitting corrosion on the basis of the existence of a reversal temperature observed during the determination of pitting potentials.
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Apparatus
The electrochemical cell used for room temperature (294K) studies was constructed from lucite, Fig. 1 . The cell contained a working electrode, a platinum disc counter electrode and a silver/silver chloride (4 kmol/m3) reference electrode. Electrical contact to the working electrode was made by a screw fitting at the electrode base. The reference electrode was placed in a beaker and made contact with the cell via a Luggin probe and a solution bridge.
The cell used for higher temperatures was a 1 dm3 round bottom flask with six necks which allowed the introduction of electrodes, a condenser, a thermometer and a gas bubler. A similar cell is described in ASTM G5-72. Again the reference electrode was in a separate container.
Cylindrical working electrodes mounted at the end of a glass tube with a teflon compression gasket were used.
A microprocessor controlled PAR 350A Corrosion Measurement System was used for the determination of the pitting potentials.
Materials
Ni 200 was used. The microstructure was recrystallized equiaxed grains. The cylindrical electrodes were cut from a rod and press fitted into a PTFE mount. Optical examination at magnification of 100 was used to detect the presence of crevices. Samples with obvious crevices were rejected. The samples were wet ground down to 600 grit, then polished with distilled water and ultrasonically cleaned with doubly distilled water.
The electrolytes of various chloride concentrations were made up from reagent grade NaC1 and doubly distilled water. The solutions were deaerated with argon for the electrochemical pitting tests.
Procedures
(1) Rapid scan pitting potentials accordance with the Corrosion Behavior Diagram (CBD) described by Morris and Scarberry(1). The electrode potential was scanned from the active-0.5V to noble direction immediately after immersion. When the current density reached 10 A/m2, the scan direction was immediately reversed. The pitting potential, Enp, was obtained from the potentiodynamic curve where there was a rise in the current density due to pit nucleation.
(2) Slow scan pitting potentials The samples were allowed to achieve a steady corrosion potential during a 3.6ks immersion period following which the potential When the current density reached 10 A/m2, the scan rate was reversed and concluded when the sample repassivated as outlined in ASTM G5-72.
(3) Potentiostatic pitting tests The specimen was held at a desired potential for periods of 57.6-79.2ks. The change in current with time was recorded. Fresh samples were used for each experiment. Below EnP, the current decreases with time indicating thickening of the passive film, and the electrode did not pit. At a potential above EnP, the current increases following pit nucleation, and the pitting potential was determined as E1<Enp<E2, where pitting occurred at E2 but not at E1.
(4) Scratch pitting potentials Following an immersion period of 1.8ks the electrode was polarized in a single to a given potential. The sample was held at this value, until the anodic current reached a steady state. The passive film was then damaged by scratching the sample with a diamond stylus mounted on a glass rod. The ensuing current behavior was recorded.
At all potential values the current increases rapidly due to the removal of the passive film and then decreased as repassivation occurred. Below the pitting potential, the current returned to its initial value. At the pitting potential and above, the initial fall in the current was arrested and followed by a secondary rise in the current, as pits were nucleated. The potential was held for 900s following pit nucleation to allow observable pits to develop. for the crevice attack.
The critical pitting temperatures were deter-
Electrochemical tests
The pitting potentials determined in these studies are shown in Table 1 .
(1) Sweep rate T he lower value of Enp were obtained with the lower sweep rate. It is well known that the experimental value of the pitting potential is very dependent upon the sweep rate. Leckie(6) 
Smialowska and Czachor (9) indicated that the constant potential technique resulted in values closer to the true pitting potentials. Broli et al. (10) reported a similar finding. However, this technique is very time consuming, and potential problems relating to the mount/specimen crevice must be borne in mind. In the presence work pits were initiated on the body of the electrode during these tests at more active potentials than those in both the fast and slow scan studies. There were some instances in which crevice corrosion occurred, although this behavior was not so general as commonly assumed by some workers in the field.
(2) Scratch pitting potentials The values obtained with the scratch technique were lower than those obtained by the Fig. 2 Crevice corrosion test assembly.
Tablet
Pitting potentials (V, vs Ag/AgCl) of Ni in NaCl solutions at 294, 323, 353 and 373K.
* Crevice attack occurred . ** Not determined . slow scan technique but nobler than those determined by the potentiostatic technique. An advantage claimed for the scratch method is that the pitting potentials so measured are independent of the surface treatment and are dependent only upon the composition and structure of the metal and the composition of the solution.
The anodic current versus time curves made after Ni was scratched in 1%NaCl solution at 353K below and at the pitting potential, are shown in Fig. 3 . Below the pitting potential, Fig. 3(a) , a current transient was observed after scratching the surface which returned to the initial value after 30 seconds. At the pitting potential, (-0.20 V), the current increased to 0.42 A/m2 and then decreased to 0.2 A/m2, Fig. 3(b) . This was followed by an increase in the current. The pitting potential was held for 15 min, and pits were observed at the scratch line, Fig. 4. (3) Effect of temperature Temperature is one of the most important parameters in pitting corrosion. The effect of temperature is shown in Table 1 , where it can be seen that with the potentiostatic, slow scan and the scratch techniques, the pitting potentials at 1 and 7%NaCl fell to less noble values with an increase in the temperature to 373K. At 0.1 %NaCl the potentials fell to less noble values and then rose to nobler values, as the temperature was raised in the potentiostatic and scratch studies, and rose to nobler values with the slow scan technique. There is a substantial evidence that a reversal temperature exists above which values of the pitting potential rise to nobler values along with an increase in the pitting resistance as reported by Postlethwaite et al. (11) (4) Effect of NaCl concentrations Because of the effect discussed above the largest effect of concentration was observed at the higher temperatures where the value of the pitting potentials was rising with an increase in the temperature at the lowest concentration 0.1 %NaCl. Overall there was a much larger effect when the concentration was changed from 0.1% to 1% than when the concentration was further raised to 7%NaCl.
Exposure tests
(1) Relevance of the pitting potential The variation of the corrosion potential for Ni in 7%NaCl with time at room temperature (294K) is shown in Fig. 5 , where it is compared with the values of the pitting potential determined by the various electrochemical techniques used in this study. The corrosion potential rose from-0.260V to-0.195V within 86.4 ks, passed through a maximum after about 0.9 Ms and fell to ca.-0.180V after some (12) reported that the potential-time curves of nickel alloys exhibited fluactuating behavior, indicating a strong tendency towards film breakdown and pitting corrosion.
(2) Conditions for pitting corrosion Brigham and Tozer (13)(14) have developed the concept of a critical pitting temperature (CPT) and a critical crevice temperature (CCT). These lead to the construction of diagrams to show the limits for pitting and crevice corrosion in terms of temperature and Cl-concentrations.
The temperature and chloride concentrations, for which pitting occurred in Ni during the exposure tests, are shown in Fig. 6 , where it can be seen that there appears to be an upper and a lower temperature limit for pitting corrosion to occur at a given chloride concentration. Above the upper temperature limit, the specimens do not suffer from the pitting corrosion. It is considered that the increased resistance at elevated temperatures is associated with the formation of visible light brown oxide on the surface of the specimens.
(3) Conditions for crevice corrosion Figures 7 and 8 show the appearances of the crevice specimens after 2.59Ms exposure in 7%NaCl solution at 323K and 353K. The crevice corrosion is severe at 353K as expected. The temperature and chloride concentrations, for which crevice corrosion occurred, did not show an upper temperature limit, Fig. 9 . The concentrations, at which crevice corrosion occurred, continued to fall with increasing temperature up to 423K. It has been shown in Fig. 6 that, if there are both upper and lower temperature limits for pitting corrosion at a given chloride concentration, then crevice corrosion, which is a special case of pitting corrosion in chloride solutions, should show a similar effect. Further work is required to elucidate these problems. (1) The lowest and most accurate pitting potentials are given by the potentiostatic technique, which gives values much lower than those determined by the fast scan, slow scan and the scratch technique.
(2) If an accelerated method is required for ranking purposes, prior to a detailed study under specific conditions, the scratch method is preferred.
(3) The pitting exposure tests show that there is an upper temperature limit for the pitting corrosion of nickel in chloride solutions. 
